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Abstract 

The  effect  of  FeS  and  PbS  on  capacity  and  self-discharge  of  an  iron  porous  electrode  used  in  a  Fe-Ni  battery  was  investigated.  Addition 
of  1  wt.%  FeS  or  1  wt.%  PbS  promotes  a  significant  increase  in  capacity  and  inhibits  the  self-discharge  of  the  iron  electrode.  This  effect  is 
most  significant  in  the  presence  of  PbS. 
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1.  Introduction 

Alkaline  Ni-Fe  batteries  present  several  advantages  in 
relation  to  other  types:  longer  service  life,  low  cost  and 
non-toxic  materials,  also  tolerance  to  overcharge  and  deep 
discharge.  However,  the  porous  iron  electrode  has  a  low  hy¬ 
drogen  overpotential,  which  limits  its  application  in  com¬ 
mercial  batteries  [1-4].  The  hydrogen  evolution  occurring 
at  open  circuit  causes  the  corrosion  of  the  iron  electrode  and 
consequently  a  high  self-discharge  rate.  Furthermore,  this 
electrode  has  a  low  charge  efficiency  since  the  hydrogen  evo¬ 
lution  reaction  competes  with  the  discharge  reaction  [5,6]. 

Sulfide  salts,  as  FeS  and  NaoS  are  used  to  improve  the 
iron  electrode.  Studies  show  that  the  addition  of  both  FeS 
to  the  electrodes  active  material  [7,8]  and  Na9S  to  the  KOH 
electrolytic  solution  [2,9]  increases  significantly  the  iron 
electrode  capacity.  In  relation  to  the  effect  of  sulfide  salt 
on  the  hydrogen  evolution  rate  on  the  iron  electrode,  Bal- 
asubramanian  and  Shukla  [10]  measured  directly  the  rate 
of  hydrogen  evolution  under  open  circuit  conditions  in  the 
presence  and  absence  of  FeS  and  PbS  and  observed  the  re¬ 
duction  of  the  hydrogen  evolution  when  these  additives  were 
present.  These  results  show  that  this  reduction  is  highest  for 
PbS,  in  accord  with  the  Pb  hydrogen  evolution  potential  be¬ 
ing  more  cathodic  than  Fe.  However,  the  effect  of  FeS  and 
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PbS  on  self-discharge  of  the  iron  electrode  and  the  effect 
of  PbS  on  the  electrode  capacity  has  not  been  clarified  yet. 
The  aim  of  the  present  research  is  to  investigate  the  effect 
of  FeS  and  PbS  on  the  Fe  electrode  galvanostatic  discharge. 


2.  Experimental 

The  iron  electrodes  used  in  this  work  were  obtained  by 
hot-pressing  a  nickel  plated  steel  grid  between  two  equal 
amounts  of  a  mixture  of  electrolytic  iron  powder,  produced 
in  our  laboratory  [11],  with  6%  polyethylene  and  other  addi¬ 
tives.  The  compacting  pressure  of  240  kg  cm-2  was  applied 
for  3  min  maintaining  the  temperature  at  112  °C. 

The  electrochemical  measurements  were  carried  out  us¬ 
ing  a  three-electrode  cell.  The  counter  electrode  was  a  nickel 
plate.  The  electrolyte  was  a  6M  KOH  +  0.33 M  LiOH  so¬ 
lution.  Potentials  were  referred  to  a  Hg/HgO/6M  KOH  ref¬ 
erence  electrode.  A  123  mAg-1  charge  current,  for  5  h,  and 
a  12.9  mA  g-1  discharge  current,  until  the  potential  reached 
—700  mV  versus  Hg/HgO/6M  KOH,  were  applied  in  each 
charge/discharge  cycle. 

The  iron  electrode  self-discharge  was  investigated  by  ob¬ 
taining  the  electrode  capacity  after  a  time  corresponding  to 
the  period  in  which  the  electrode  was  at  rest.  These  mea¬ 
surements  were  carried  out  after  the  electrode  have  been 
submitted  to  stabilization  cycles  of  charge  and  discharge, 
which  are  necessary  for  the  stabilization  of  capacity. 


C.A.C.  Souza  et  al. /Journal  of  Power  Sources  132  (2004)  288-290 


289 


Fig.  1.  Typical  discharge  curve  of  an  Fe  electrode. 


3.  Results  and  discussion 

Fig.  1  shows  a  typical  discharge  curve  for  the  Fe  elec¬ 
trode.  It  can  be  seen,  in  this  Fig.  1,  a  plateau,  which  is 
associated  with  the  characteristic  oxidation  reaction:  Fe  to 
Fe(OH)2  [12].  Also,  this  plateau  is  lengthened  and  shifted 
to  a  more  cathodic  potential  due  to  the  addition  of  metal¬ 
lic  sulfide.  This  result  corroborates  the  hypothesis  of  sulfide 
ion  incorporation  in  the  discharge  products,  as  previously 
discussed  [8]. 

Fig.  2  shows  the  capacity  evolution  during  the  first  30  cy¬ 
cles.  After  some  stabilization  cycles,  which  are  necessary  for 
the  distribution  of  the  sulfate  ions  in  the  Fe  electrode  surface, 
the  electrodes  with  1  wt.%  FeS  and  PbS  show  a  marked  in¬ 
crease  in  capacity  with  respect  to  the  additive-free  electrode. 
The  effect  of  sulfide  presence  on  the  increase  of  the  Fe  elec¬ 


trode  capacity  is  known  [7]  and  is  attributed  [8]  to  sulfide 
ions  incorporated  in  the  Fe(OH)2  film,  which  causes  a  distor¬ 
tion  in  film  structure  leading  to  an  increase  in  ionic  conduc¬ 
tivity.  This  retards  the  passivation  process  and  a  thicker  film 
is  produced  and  consequently  the  discharge  time  is  raised. 
Also,  the  results  in  Fig.  2  show  that  the  capacity  of  the  elec¬ 
trode  containing  1  wt.%  PbS  is  higher  than  that  electrode 
with  1  wt.%  FeS,  which  indicates  that  in  addition  to  the  sul¬ 
fite  ion,  the  metal  present  in  the  additive  also  affects  the  elec¬ 
trode  capacity.  Moreover,  there  exists  an  optimum  content  of 
PbS  (~1  wt.%  for  the  values  analyzed),  above  this  value  the 
capacity  falls  abruptly.  This  behavior  is  probably  due  to  in¬ 
creasing  Pb2+  concentration,  since  this  fall  in  capacity  is  not 
observed  for  electrodes  containing  2  wt.%  FeS  in  relation  to 
an  electrode  containing  1  wt.%  FeS  [12].  Probably,  the  fall 
in  capacity  is  due  to  the  formation  of  PbO  or  Pb(OH)2. 


Fig.  2.  Capacity  values  of  iron  electrodes  in  the  absence  and  presence  of  the  studied  additives  as  a  function  of  charge/discharge  cycle.  The  values  were 
obtained  in  6M  KOH  +  0.33M  LiOH  solution  at  la  =  12. 9mA g"1;  where  (□)  lwt.%  PbS,  (■)  1  wt.%  FeS,  (A)  0.5 wt.%  PbS,  (O)  in  absence  of 
additive,  and  (T)  2%  PbS. 
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Number  of  days  of  storage  after  charge 

Fig.  3.  Available  capacity  (Capav/Capjn)  of  iron  electrodes,  in  the  absence 
and  presence  of  additives  1  wt.%  PbS  and  1  wt.%  FeS,  at  the  end  of 
different  periods  of  storage  at  30  °C.  The  values  were  obtained  in  6M 
KOH+O.33  M  LiOH  solution  at  /a  =  12.9  mAg^1;  where  (H)  in  absence 
of  additive,  (•)  lwt.%  FeS,  and  (A)  1  wt.%  PbS. 

The  effect  of  additives  in  self-discharge  is  seen  in  Fig.  3. 
In  this  figure  are  represented  the  available  capacity  percent 
of  initial  capacity  (Capav/Capin)  of  electrodes  at  the  end  of 
different  periods  of  storage.  Clearly,  both  FeS  and  PbS  are  re¬ 
tarding  the  fall  of  capacity  of  electrodes  with  self-discharge, 
and  this  effect  is  most  significant  in  the  presence  of  PbS. 
It  is  possible  that  these  results  are  related  to  the  hydrogen 
evolution  reaction  inhibition  caused  by  metal  sulfite  pres¬ 
ence,  which  inhibits  the  self-discharge.  The  most  significant 
inhibition  in  the  presence  of  PbS,  can  be  attributed  to  the 
higher  hydrogen  evolution  overpotential  on  Pb  in  compari¬ 
son  to  the  Fe  overpotential  [13],  which  is  consistent  with  the 
measurement  rate  of  hydrogen  evolution  reported  by  Bala- 
subramanian  and  Shukla  [10]. 

Unfortunately,  the  voltammetric  peak  corresponding  to 
this  process  is  very  large,  especially  for  porous  electrodes, 
complicating  the  investigation  of  the  hydrogen  evolution  re¬ 
action  kinetics  using  electrochemical  methods.  A  more  de¬ 
tailed  investigation  to  account  for  the  electrochemical  action 
mechanism,  of  both  PbS  and  FeS  additives,  is  needed. 


4.  Conclusions 

Addition  of  1  wt.%  FeS  and  1  wt.%  PbS  promotes  a  signif¬ 
icant  increase  in  capacity  and  there  exists  an  optimum  con¬ 
tent  of  PbS  ~1  wt.%  above  which  the  capacity  falls  abruptly. 

The  fall  of  capacity  of  iron  porous  electrodes  due  to  the 
self-discharge  is  very  high.  The  presence  of  both  FeS  and 
PbS  retard  the  self-discharge,  and  this  effect  is  most  signifi¬ 
cant  in  the  presence  of  PbS.  These  results  have  attributed  in¬ 
hibition  of  the  hydrogen  evolution  reaction  caused  by  metal 
sulfite,  which  inhibits  the  self-discharge  and  by  the  presence 
of  Pb  which  is  most  significant.  Nevertheless,  the  capacity 
decay  during  a  period  of  6  days  remains  as  large  as  30%, 
requiring  further  development  of  additives. 
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